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ABSTRACT 

Ten  sets  of  tires  with  nine  different  off-road  tread  patterns 
were  tested  on  a paved  surface  using  a towed,  instrumented  trailer  to 
measure  their  cornering  characteristics  (wet  and  dry)  and  their 
braking  performance  (wet,  full  skid). 

The  data  obtained  and  a method  for  rank  ordering  is  presented. 
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INTRODUCTION 

The  adoption  of  radial  ply  tires  by  the  military  will  present  an 
ideal  opportunity  also  to  adopt  a new  tire  tread  pattern.  Such  a new  tread 
pattern  is  desirable  to  make  the  radial  tires  easily  identifiable  in 
order  to  avoid,  as  much  as  possible,  indiscriminate  mixing  of  radial 
and  bias  tires,  a recognized  dangerous  situation.  A new  pattern  is  also 
desirable  to  improve  the  traction  characteristics  of  present  military 
tires  on  wet  pavements  and  to  improve  wear  rates. 

At  present,  there  is  no  known  theory  or  mathematical  model,  which 
will  predict  the  performance  of  various  tire  tread  patterns  either 
on-or  off-  the  highway.  This  program,  therefore,  investigated  nine  tire 
tread  patterns  which  were  selected  by  the  U.  S.  Army  Tank-Automotive 
Command  (TACOM) . This  was  the  first  step  in  a rather  comprehensive 
program  to  develop  a new  military  tread  pattern  which  will  improve  on-road 
performance  without  degrading  cross-country  performance.  Hopefully,  this 
program  will  also  obtain  better  insight  into  the  part  that  tire  tread 
patterns  play  in  on-  and  off-road  traction. 

TEST  PROGRAM 

Two  types  of  on-road  tests  were  conducted:  Measurements  of  tire 

cornering  and  tire  braking  forces.  To  conduct  these  tests  at  the  loads 
desired,  a special  trailer  was  constructed  (see  Figure  1).  This  two-wheel 
trailer  was  provided  with  special  linkages  that  would  simultaneously 
yaw  both  tires  in  equal  but  opposite  directions  (see  Figure  2).  Both 
wheels  were  connected  to  an  activator  so  that  the  yaw  angle  could  be 
controlled  remotely  from  the  towing  vehicle  and  the  test  wheel  had  an 
angular  potentiometer  mounted  so  that  the  angle  could  be  measured  and 
recorded.  Mounted  on  the  test  wheel  was  a balance  specially  constructed 
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FIGURE  1. 

GENERAL  VIEW  OF 

TEST  APPARATUS 

.V  : J 

FIGURE  2.  TIRES  UNDERGOING  TEST  ON  DRY  PAVEMENT 
AT  LARGE  TOE-IN  ANGLE 
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which  measured  the  forces  normal  to  the  wheel  plane  resulting  from  this 
yaw  motion  (See  figure  3).  Removable  dead  weights  were  employed  to  vary 
the  test  loads.  Attached  to  the  rear  of  the  trailer  was  a "beta-wheel" 
which  measured  the  yaw  angle  of  the  trailer  with  respect  to  its  forward 
motion.  This  yaw  angle  may  have  been  due  to  a "crown"  on  the  road  surface 
or  high  toe  in/out  angles  when  the  tire  cornering  forces  have  "peaked" 
creating  an  unstable  condition.  A watering  system,  which  directed  water 
from  the  towing  vehicle  to  the  front  of  the  test  tires  allowed  testing 
under  either  wet  or  dry  road  conditions. 

To  measure  braking  traction,  the  trailer  was  supplied  with  air- 
actuated  brakes.  The  same  balance  which  measured  the  normal  forces  was 
also  capable  of  measuring  wheel  torque.  From  this  torque  and  the  measured 
loaded  radius  (spindle  height),  the  braking  force  could  easily  be  calculated. 
The  test  operator  controlled  the  brake  mounted  on  the  test  wheel.  For 
safety,  the  vehicle  driver  had  a control  which  applied  both  brakes.  By 
carefully  regulating  the  air  supply,  the  test  operator  could  gradually 
slow  down  the  test  wheel  until  it  stopped.  The  other  tire  remained  free 
to  roll  and  prevented  the  trailer  from  yawing  excessively.  One  tachometer, 
mounted  on  the  free  wheel,  measured  the  forward  velocity  of  the  trailer; 
another  measured  the  speed  of  the  braked  wheel.  A positive  displacement 
pump,  attached  to  the  drive  line  of  the  vehicle  insured  a water  layer 
thickness  of  0.02  inches,  regardless  of  test  speed. 

Ten  different  tires  were  tested.  To  avoid  commercial  identification 
they  have  been  designated  with  the  letters  A though  J.  Pictures  of  their 
tread  patterns  are  shown  in  Figures  4 to  13.  All  tires  were  9.00-20. 

Tire  I is  the  current,  standard  U.  S.  Army  tire  design  on  a bias  ply 
carcass.  Tire  H also  had  a bias  carcass.  All  other  tires  were  of  radial 
construction.  All  radial  tires  had  a 14PR  except  tire  J,  which  had  a 
12PR.  The  two  bias  ply  tires  had  8PR,  To  observe  the  influence  of  ply 
rating,  tires  G and  J had  the  same  tread  pattern.  (They  may  look  slightly 
different  in  the  accompanying  photographs  because  the  pictures  were  taken 
after  the  tests  on  tire  J were  completed,  but  before  those  on  tire  G 
had  started.) 
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FIGURE  3-  TWO-COMPONENT  BALANCE 


FIGURE  4.  TIRE  A 


FIGURE  5-  TIRE  B 


FIGURE  6.  TIRE  C 
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FIGURE  7-  TIRE  D 


FIGURE  8.  TIRE  E 


FIGURE  9-  TIRE  F 


FIGURE  10.  TIRE  G 
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FIGURE  11.  TIRE  H FIGURE  12.  TIRE  I 


FIGURE  13-  TIRE  J 
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All  cornering  force  tests 
between  plus  and  minus  10°  and 


were  conducted  at  5 mph,  at  slip  angles 
at  the  conditions  listed  in  Table  1. 


Table  1 


Cornering 

Force  Test  Conditio 

Load 

Inflation 

Pressures 

(lb) 

(psi) 

3350 

50,  35 

2168 

50,  35,  15 

1504 

50,  35,  15 

Cornering  force  tests  were  conducted  under  both  wet  and  dry  road  conditions. 
Attempts  to  conduct  cornering  force  tests  at  the  highest  load  (3350  lb)  and 
lowest  pressure  (15  psi)  yielded  erratic  results  due  to  the  heavily 
overloaded  conditions.  They  were  thus  abandoned. 

The  braking  force  tests  were  conducted  at  the  conditions  listed  in 
Table  2.  All  braking  tests  were  conducted  wet  (0.02  inches  of  water). 
Additional  tests  at  other  speeds  were  conducted  with  the  Tire  H 
at  50  psi  pressure  and  both  3350  lb  and  2168  lb  loads  to  obtain  the 
relationships  between  speed  and  skid  number  for  the  road  and  test  conditions 
employed.  Since  it  is  difficult  to  perform  the  braking  tests  at  exactly 
the  desired  test  speed  it  is  necessary  to  obtain  a speed/skid  number 
gradient  for  the  test  surface.  This  gradient  (Eq.  3)  is  then  used  to 
correct  the  actual  test  data  to  the  nominal  speed  for  comparison  purposes. 

The  road  used  for  all  tests  was  resurfaced  in  1972;  hence  it  is 
considered  to  be  in  excellent  condition,  smooth,  with  little  wear  and 
possessing  good  traction  characteristics.  It  has  an  ASTM  Skid  Number 
of  55- 
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Table  2 

Braking  Force  Test  Conditions 


Load 

Inflation 

Nominal 

(lb) 

Pressure 

Speed 

(psi) 

(mph) 

3350 

50 

30 

2168 

50 

30 

2168 

35 

20 

2168 

15 

10 

1504 

35 

20 

1504 

15 

10 

TEST  RESULTS 


Summaries  of  all  test  results  are  presented  in  Tables  3 to  12-  The 
loaded  radius  and  tire  foot  print  was  recorded  for  each  tire  and  each  load 
inflation  condition* 

Data  Processing 


Braking  Force  was  calculated  by  Equation  (1): 


BF 


_x 

LR 


(1) 


whe  re  BF 


Braking  Force 


T = Measured  torque  at  full  lock-up  (100%  skid) 

LR  = The  measured  loaded  radius  (spindle  height 

above  level  ground)  for  the  load  and  inflation 
pressure  under  study 


Skid  Number  was  calculated  by  Equation  (2): 


SN  = 


BF 

H 


x 100 


W-jBF 


where  SN  = Skid  Number 

BF  = Braking  force  from  Equation  (1) 


(2) 
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Conditions  Full  Skid  Peak  Braking  Cornering  Force 

Load  Infl.  Speed  B'king  Skid  Ad j . Speed  Skid  B'king  Coeff . DryQ  WetQ 

Press.  Force  No.  Skid  Force  @10  @10 
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Ave.  58.3 
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Conditions  Full  Skid Peak  Braking Cornering  Force 

Load  1 nf 1 . Speed  B'king  Skid  Adj . Speed  Skid  B'king  Coeff.  Dry  Wet 

Press.  Force  No.  Skid  Force  (310°  (®10° 

(lb)  (psi)  ( mph)  (1b)  No.  (mph)  (%)  (1b)  (#/°)  (1b)  (lb) 
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2278  71.9  71.9 

2278  71.9  71.9 

2307  72.9  72.9 

Ave.  72.2 
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W = Tire  Load 
H = Trailer  Hitch  Height 

i = Distance  from  trailer  axle  to  center  of  hitch 

The  Adjusted  Skid  Number  was  calculated  by  Equation  (3) 

ASN  = SN  - 1 .34  (V  - V ) (3) 

n 3 

where  ASN  = Adjusted  Skid  Number 

V = The  Nominal  Test  Speed  (see  Table  2) 
n 

SN  = The  calculated  Skid  Number  from  Equation  (2) 

Vg  = The  measured  test  speed  in  mph 

I.34  = The  correction  factor  obtained  from  the 
additional  Ti  re  H tire  tests  (see  above) 

The  peak  braking  force  was  obtained  from  the  torque  trace  prior  to 
full  lock-up.  Since  this  condition  is  highly  unstable,  it  is  not  obtained 
for  all  test  conditions/  The  skid  conditions  for  this  peak  force,  cal- 
culated by  Equation  (4),  was  also  recorded 

V - V, 

S = fc  (4) 

a 

where  S = Skid  (expressed  in  per  cent) 

Vg  = The  measured  test  speed 

= The  measured  speed  of  the  braked  wheel 

All  cornering  force  measurements  were  plotted  against  slip  angle 
(see  Appendix).  The  slope  of  this  curve  at  zero  slip  angle,  zero  camber 
and  zero  cornering  force  is  called  the  "cornering  coefficient."  The 
cornering  forces  measured  at  plus  and  minus  10°,  where  the  curve  has 
usually  reached  its  peak,  were  averaged  and  used  as  the  performance  indicator 

For  tires  I and  G no  attempt  at  all  was  made  to  obtain  this  peak. 
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The  loss  in  cornering  force  due  to  the  wet  condition  at  5 mph  was 
calculated  by  Equation  (5)  and  is  expressed  in  the  tables  as  per  cent* 


L 


5 


WCF 

DCF 


(5) 


where 


L = The  loss  in  cornering  force  due  to  wetness 
at  5 mph  (expressed  in  per  cent) 

WCF  = The  averaged  measured  cornering  force  at  10° 
slip  angle  under  wet  conditions 


DCF  = The  average  measured  cornering  force  at  10° 
slip  angle  under  dry  conditions 


It  must  be  noted  that  these  tests  are  highly  dependent  on  road 
surface  and  water  film  thickness-  It  is  generally  accepted  that  cornering 
force  does  not  vary  with  speed  in  the  dry  but  that  speed  is  significant 
in  the  wet-  Thus  greater  differences  than  those  shown  in  these  tables 
would  be  exhibited  as  the  forward  speed  increases- 

To  compare  performance,  the  cornering  force  at  10°  (Figures  14  to 
23)  and  the  Adjusted  Skid  Numbers  (Figures  24  to  33)  for  each  tire  were 
plotted  for  each  condition  tested.  Straight  lines  were  then  drawn  be- 
tween the  plotted  points  as  a visual  aid  for  comparison.  The  figures  are 
presented  in  descending  order  of  overall  performance  in  the  opinion  of 
the  authors-  (For  example,  the  tire  plotted  in  Figure  14  is  deemed 
superior  in  cornering  characteristics  to  that  in  Figure  15;  likewise, 
that  in  Figure  24  is  superior  in  braking  to  that  in  Figure  25)-  Perfor- 
mance at  high  load  was  weighted  over  that  at  low  load,  at  high  speed 
over  that  at  low  speed;  and  under  wet  conditions  over  that  under  dry- 


From  these  figures,  it  appears  that  the  top  four  tires  are  Tires 
G,  J,  C and  D-  Tire  F appears  to  be  the  worst;  while  the  others  are 
somewhere  in  the  middle,  some  performing  better  in  braking  and  others 
better  in  cornering.  Of  interest,  Tire  I,  the  standard  Army  NDCC  tread 
performs  about  equally  to  Tire  H,  the  NDCC  tread  with  a few  added  grooves- 
Likewise,  Tires  G and  J,  with  the  same  tread  pattern,  but  different 
carcasses  performed  about  equally. 
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50  psi  35  ps i 50  ps i 35  ps i 15  psi  50  ps i 35  ps i 15  psi 

FIGURE  14.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  G 


CORNER! 


FIGURE  15-  CORNERING  FORCE  PERFORMANCE  OF  TIRE  J 
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CORNERING  FORCE  (LBS)  AT  10  SLIP  ANGLE 
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FIGURE  I?.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  I 
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FIGURE  1 8.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  C 

33 


CORNERING  FORCE  (LBS)  AT  10°  SUP  ANGLE 


50  psi  35  psi  50  psi  35  psi  15  psi  50  psi  35  psi  15  ps i 

FIGURE  19.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  H 


CORNERING  FORCE  (LBS)  AT  10°  SLIP  ANGLE 
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FIGURE  20.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  B 
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CORNERING  FORCE  (LBS)  AT  10°  SUP  ANGLE 
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FIGURE  21.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  A 
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FIGURE  22.  CORNERING  FORCE  PERFORMANCE  OF  TIRE  F 
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CORNERING  FORCE  (LBS)  AT  10°  SLIP  ANGLE 
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30  mph  30  mph  20  mph  10  mph  20  mph  10  mph 

FIGURE  24.  BRAKING  PERFORMANCE  OF  TIRE  X 3 
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FIGURE 
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FIGURE  28.  BRAKING  PERFORMANCE  OF  TIRE  D 
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FIGURE  29.  BRAKING  PERFORMANCE  OF  TIRE  A 
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FIGURE  30,.  BRAKING  PERFORMANCE  OF  Tl  RE  E 
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FIGURE  3b-  BRAKING  PERFORMANCE  OF  Tl  RE  B 
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CONCLUSIONS 

From  the  data  presented,  there  are  no  large  differences  in  overall 
performance  between  the  various  tires.  There  is,  however,  a gradation 
between  the  best  and  worst  tires.  Of  significance,  the  effects  of 
rubber  compounding,  known  to  be  important"  are  not  controlled  in  this 
study.  With  these  restrictions  we  can  conclude: 

1.  The  adoption  of  tread  patterns  G(orJ  ),  C or  D will  improve 
on-road  braking  and  cornering  performance  over  the  current  NDCC  pattern 
(tire  I). 

2.  The  differences  in  performance  between  the  other  tires  are 
not  significant. 

RECOMMENDATIONS 

1.  Similar  tests  be  conducted  in  size  7.00-16  (1/4-ton  truck  size) 
to  determine  if  similar  trends  exist  at  that  size  and  where  higher  speed 
tests  will  not  be  as  dangerous.  These  higher  speeds  should  show  greater 
differences  between  wet  and  dry  performance. 

2.  Analyses  be  made  of  performance  versus  various  tread  pattern 
parameters  to  determine  if  there  is  sufficient  correlation  that  can  be 
used  in  future  tread  design. 

3.  If  future  tests  are  to  be  conducted,  rubber  compound  and  carcass 
construction  should  be  identical. 

4.  Combined  braking  and  turning,  which  occurs  in  emergency  situations, 
is  worthy  of  investigation. 


Kelley,  J.  D.  and  Albert,  B.  J.,  "Tread  Design  of  Tire  Affects  Wet  Traction 
Most,"  SAE  Journal,  September  1968. 
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Ten  sets  of  tires  with  nine  different  off-road  tread  patterns 
were  tested  on  a paved  surface  using  a towed,  instrumented  trailer 
to  measure  their  cornering  characteristics  (wet  and  dry)  and  their 
braking  performance  (wet,  full  skid). 

The  data  obtained  and  a method  for  rank  ordering  is  presented. 
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